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Summary

The antiphospholipid syndrome (APS) is an autoimmune disease characterized by two major
elements: the presence of autoantibodies, the so-called antiphospholipid antibodies (aPL) and the
occurrence of clinical features defined as thrombosis and pregnancy complications. Lupus
anticoagulant (LA) is usually grouped in the aPL. LA is an antibody that interferes with one or more
in vitro coagulation reactions, which are dependent on interactions with protein-phospholipid
complexes.

For LA diagnosis, activated partial thromboplastin time (APTT) is widely used as a test for LA
screening. APTT reagents are composed of activators, such as silica or ellagic acid, and
phospholipids, and APTT reagents with silica are recommended for LA screening because of greater
sensitivity. However, the effects of activators on LA activity have not been adequately investigated.
In this study, we examined whether an ellagic acid-based reagent was highly sensitive to LA in a low
phospholipid condition. Our results showed that the ellagic acid-based reagent was more sensitive to
LA than silica-based reagents in a low phospholipid condition and had adequate sensitivity to detect
LA. We concluded that the sensitivity of APTT reagents for LA is dependent on phospholipid
concentration and not the activator.

The mechanisms by which aPL mediate disease are only partly understood, and it was considered
that aPL induces significant increases in TF transcription. However, aPL is heterogenous, and it is
likely that more than one mechanism may be involved in causing thrombosis. We examined the
effects of aPL on the transcription of tissue factor (TF), thrombomodulin (TM), and syndecan-4
(SDC4) on human umbilical vein endothelial cells (HUVEC). Intracellular cAMP concentration is
shear stress dependent in vivo, and cAMP was added to HUVEC in this study. In high cAMP
condition, TF transcription level was not increased, and it was considered that TF didn’t affect the
thrombosis mechanisms in APS patients. On the other hand, TM expression level was significantly
decreased, and SDC4 transcription level was not changed. Our results suggest that the mechanisms
by which aPL mediate is the transcription level decrease of TM which inhibit the coagulation
cascade. In conclusion, the thrombosis mechanism in APS patients could be dependent on not TF but

TM transcription level.
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APC : activated protein C

aPL : antiphospholipid antibody

APS : antiphospholipid syndrome

APTT : activated partial thromboplastin time

AT 11 : antithormbin 111

BSA : bovine serum albumin

CAMP : cyclic adenosine monophosphate

CBB : coomassie brilliant blue

DOPC : 1,2-dioleoyl-sn-glycero-3-phosphocoline
DOPE : 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine
DOPS : 1,2-dioleoyl-sn-glycero-3-phospho-L-serine
ELISA : enzyme linked immunosorbent assay
FBS : fetal bovine serum

FV : factor V

FVa : activated factor V

FIX : factor IX

FIXa : activated factor I1X

FVII : factor VII

FVlla : activated factor VII

FVIII : factor VIII

FVIlla : activated factor VI1II

FX : factor X

FXa : activated factor X



FXI : factor XI

FXla : activated factor XI

FXI1 : factor XII

FXlla : activated factor XII

HEPES : 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HUVEC : pooled human umbilical vein endothelial cell
ICA : the index for circulating anticoagulant

ICAM-1 : intercellular adhesion molecule 1

PT-INR : prothrombin time international normalized ratio
ISTH : international society on thrombosis and haemostasis
LA : lupus anticoagulant

LPS : lipopolysaccharide

mRNA : messenger ribonucleic acid

NS : not significant

p38 MAPK : p38 mitogen-activated protein kinase

PBS : phosphate buffered saline

PCR : polymerase chain reaction

PL : phospholipid

pNPP : p-nitrophenyl phosphate substrate

PT : prothrombin time

ROC : receiver operating characteristic

rRNA : ribosome ribonucleic acid

RT : reverse transcription

SD : standard deviation



SDC4 : syndecan-4

SDS : sodium dodecyl sulfate

SDS-PAGE : sodium dodecyl sulfate polyacrylamide gel electrophoresis
sec : second

SSC : scientific and standardization committee

TAT : thrombin antithrombin 11 complex

Tris : tris(hydroxymethyl)aminomethane

TF : tissue factor

TM : thrombomodulin

VCAM-1 : vascular cell adhesion molecule 1
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MR SO T IS & 2 ik & B < 7= o kg o L ch v, HilmfEETicEs
WCTIER ORI AL VXV ETHDE T 4TV )= U DO RO 7 47V U EEAL,
bR 2 R T 5. MIREEE UG IZITER % 72 2 L X VB> TR Y, BEED A7 —
FELTZEDORISETUESE S (Figure 1). EE D A7 — RIZBEDL L & X7 BI3EEE K 7
LT, U AT — R EDOALENGIMAR, WIKGR, BRI, @R 3fICsEIND.
SMASRIZAME 72 812 &0 i i i AN L7408k K- (Tissue Factor) %, PNIRRILME N
MpaOEEC L2 MERED 2T —F VBN E N —& LIERUSR EB X B, BIZH
CEbBRIGRPEREEZ LTS, Y

EEE R OFSRE R W X A L OMRAEIZIE, SRR EFKBEROAZ Y —=v 7L LT T m
Foa e Uk (PT), WIKR EEERDA Y V—=2 7 & L TEEEER D hr R T T 2
F B (APTT) 2850, EEEREREME & L TE< Olix TirbhTns. Y PT 1344A
R, APTT (IAIEGROEERE K T2 3G L, BAEBINS T 4 TV ) =T in 7 4 7 ) I
S THLIEANEEE 3 5 F CORERH 2 ET 2MAETHD.
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Figure 1. Coagulation pathway (SCik 2 L 0 Z)
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APTT 3L A 7 & O MR RE D BRI A & L THESL S 7223, T, Ehlistho
RREOBMEICLHWOND L) IZhoTe. ZTORED —2>NBHY 5E HLIAE ERE

(antiphospholipid syndrome : APS) T 5. APS %, IfiH 2t Y AR HLIK (antiphospholipid
antibodies : aPL) Z A L, EhEklRILARIECE B IETRIERE 2 & ORFAIEIR 2 59 2 BRAETEO#K
HTHD. ARZBNTHINEREGIHER EDOJRREE L L THER SN TWDEFRHETH Y,
BAPE DO RIEMEER RO —2 L EZ BN TWD. % aPL IZIIFI ALY B Ui
&, BU B2-glycoprotein | Hilk, BIL W, L—FRAT7 o Fars 7k (LA) 72 EkEx et
ERbHs5. AL F I ECHERIZY VIRETHLINTA Y B & 7 o EOEAE

RS oA TH Y, B p2-glycoprotein | Hiik XM EEAE L7 L — &

B2-glycoprotein | @ % > X7 E OB AR EZ BT D HE T, T EEERGENEE

(enzyme linked immunosorbent assay : ELISA) (X v &g, —F, V—7 A7 T =
777 b (LA) 3D UHRERAAEREERF A TRIE NS aPL TH S, LA 1T MElx D
BEE K FiEE 2 B E T 5 2 &<, U VIREERAEORBE OS2 LE T 50E 7 n 7 ) |
LEZIN, UV UIREBRK COREBERISERETSHOHIKLEZ 2 DL TEBY, ZDORY
U—=2702i%, APTT BIA<HVWBR TS, BIEFIZ LA BFEET 5546, APTT T
TLESND Y UNRERAFMEOBEE SOSIZ B D D BEE K 728 LA LG L TARELENS.
ZORR, POGSHEE S CRERMSER T2 (Figure 2). LA (ZMAIELZ FIET D12
b 5F, APTT ORFERRIER &) iz BEW T 2RAEHEREZ R, TOHEHB L LT,
APTT 23S T % invitro ORTIEY UIEEEDSRONA TV D720, LA 13U VIREMKFN
DR SO % B U CREBIRFFIAE R 273725, in vivo "CIXAE RPN I PN R <0 fi/ M
ORI Z bR D TEELD Y VHREAFAE L T D728, LA XM 2 2 BElE SOG 2 B
THMAERTHZ LT neEBZEx b Tn5D.

MARSFED Y 2 7 2R T 5729121 LA IZRISHED @ APTT REEZ Wz 7 Y —
=T EATIMENRD L. LLRRs, ERNTLE O APTT dERBBEShTn5f
T LA 1T 2 RUOSHERBRIETRE SRRV, RIS > THRDRRD Z L SRS
RoTNG. &0 ABFEOE 1 ETIE LA 22 ) —=2 271280 TA ML APTT R¥Eo
SR L BB T Y A TEIZOWTHE LTcTe®), ZORREBERELRND
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Figure 2. The reaction mechanism of LA in APTT
LA intereferes with one or more in vitro coagulation reactions such as intrinsic pathway and
common pathway, the coagulation reactions are dependent on intereactions with

protein-phospholipid complexes. The clotting time is prolonged by the interference.

3. LA 1T &2 MABIEDIAE A /1 = KX LD 5y1-A W00 72 i B

APS DEFRFTRO—2ZMMIETH Y, BEEITETHD. —T7, APS OREFTLO—>
ThH% LA 13 APTT DOREERFRRER &\ 5 BEE A IH S i 2 8% 55 R TH Y,
APS [ZIXRRRFT R & AT RO T 2 BeE SOGSRRIRHCAFIET 23T Ry 7 A dh 5.
ZOMARTEEMEF & LClE, aPL 1C X 2 HERCMAE N M OB BTG L, ~erREY
2V - FusAr CEZOMEE, rurbr -TrFrharey Nl Ak (TAT) Bk
P72 EOWERH DA, TP REFSICIEA S L TOR.

ABFFECIE, aPL IZ X > CHI & Z & D MARTEEASFF O — W2 4 572912, & b
s SRR I A% PN R A (Pooled Human Umbilical Vein Endothelial Cell : HUVEC) % &5 /L &
LC, aPL WMNIFZ IS 5 M8 N R EICAFAE S 2 B BSE R 10 mRNA Z5{k% Real
Time PCR (2 X W Mt L7z, BEEICBIE T 22 < ORFO T, AWFFETITFRIC, MK

(Tissue Factor : TF), bra v ARE = YU > (Thrombomodulin : TM), ~/XT U Hhilg
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(Syndecan-4 : SDC4) IZ{#H L THFL7=.

TF 1% Figure 1 (2R L7 & 912 AMARICAIE 3 2 B EmBLEE & o /X 7 B OV [ (K
FThHY, VUNREMSY ZHT DM ECIEMELEEES Vil K+ (Fvlla ) A%
R, BEEE X AT (FX) ZIEPEGEERESE X K+ (FXa) ICZE#T 5. FXa 13 Ca™,
U URRE, WEMREES V K (FVa) EESREZERL, YrhrrbErid bnrey
(BT % (Figure3). AU bur BN T 4TV ) —Fr a7 07V ATEBL, 74
TUUPNEAETSHZ LTI TbIS. TF O he e ronBEaEll EofEL %
X, TOMBE, MBREERMEESLD EEZBND.

T™M [ TEEER O 2 XV EThY, hurvr EEEEREEML, “rT A4 C
ZRRESE L CIEH L7 e 74> C 295, IEHk “v7r142 C (APC) o7 =
TA S iR L LT, EICTEMLEEES VI K+ (FVIlla) LiEMALEERES vV K+

(FVa) Z5fit L CRIG L 5 2 & THEE Z0H13 %  (Figure 4). 7' SDC4 I E @
Wik LR EThY, ALz rETrF ey N (ATHD) LREEGSETR
LT 2~ B E AT 50T A2 Y B Th b (Figure5). 1
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Figure 3. Thrombin generation from the extrinsic pathway
FVIla bound with TF activates FX, and FXa is generated. FXa converts prothrombin into
thrombin in the presence of phospholipid, Ca?*, and FVa. Endothelial cell membranes are worked as

phospholipids.
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Figure 4. Regulation of coagulation reaction by protein C
Once thrombin binds with thrombomodulin (TM), thrombin will activate protein C. Activated
protein C (APC) inhibits FVIlla and FVa in the presence of its cofactor, protein S. Endothelial cell

membranes are worked as phospholipids.
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Figure 5. Regulation of coagulation reaction by antithrombin 111 with Syndecan-4
Syndecan-4 is expressed as proteoglycan protein on endothelial cells. Once thrombin is generated,
thrombin binds to SDC4 and makes thrombin- AT 1l complex (TAT). When TAT is made on SDC-4,

thrombin is inactivated.



MAAENRMIAE, ZOREICERIIHEIE T THD TM & SDC4 2% BELTN5D.
— 5T, BEERER T THD TF ORBUIHE/NRICED TR Y, MENZHEEEICED,
MARTZRIC & 2 %R AR IE L TS,

AWFIEOH 2 FTIE, aPL & LT APS BEIMIBEL VBRI L 196 7 7 AFRY 7 a—
FBURE VT, S OHERZTRINLIZEEO mENEMR Eo TF, TM, SDC4 @
MRNA FEHEDOZE D APS DIMARTE BT IZ OV THRRES L7272, £ ORFENAIZS
WTlER %,
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%2 B LA ICKDMARIEDIEIE A T = K LD 5y R 72 i

1) #5

A2 &R T 2 EEE A1 A r— R OgEFE K D% < IR CHERk S 4, Mg 2 s #
VR Th D, —J7, AP RN R e SIS A IS5 2 o Ry B ISMEAE L,
TF, TM, SDC4 215N TWV5.

TF X < M HIFFE STV D EEE A 27— R OREFER T Th 5. Fim CRLizL i
TF MR Em T FVHa SFA L, FX & FXa [ZiEME L U CHREE S 2 Blth+ 5
(Figure1, 3). B b TF |% 263 IO 7T I /R THERK S 4L, S HIZ 3 ROMESHEN N4
KT ED 16% %55 46 kDa DIEZ X7 ETH % (Figure 21). FESITHERERBLIC
XEEERE G- LTV 220 A, MilaNToO 7 r T 7 —BIEMIC )T 2 kbt & o2 e
ICHFHELTWEEEBEZ BTG, P

.

I | * 263 amino acids

Extracellular domain Cytoplasmic domain

j’ Transmembrane domain

N N - linked Glycosylation

Figure 21. The domain structure of TF
TF is the membrane protein which has extracellular, transmembrane, and cytoplasmic domain.

N-linked glycosylation sites are also indicated.

TF [THER, ~ 27 07 7 —, NEGHIA, #kMESF#iE 72 & C tumor necrosis factor-o. (TNF-a),
interleukin-1B, CD-40, t 1 k=, e A X I, hr vl Rt LDL, vascular endothelial
growth factor (VEGF) 7¢ & ORIIBKIZ X 0 — @I B R 7 RBLFHE S 15 (Figure 22) . TNF-a
x> VEGF Tl protein kinase C 28/EMALZ B U T TF BENFEIN D Z EBP LN
S>TW5%. %9 723, lipopolysaccharide (LPS) D#ifii T#HE &7~ mRNA @ turn-over |
FEFITERL, DPEOKERTHET 5. PP AREhis TF Z 0 8 BTG i %
TR D, AN S AT A K o TEENS.
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Figure 22. Induction of TF expression and activity (3t 53 X v 5[/H)
Various mediators induce TF expression through activation of their receptors. Induction of TF
primarily occurs at the transcriptional level, resulting in an increase in TF mRNA and eventually, TF
protein expression. TF is distributed in three cellular pools as cytoplasmic TF, surface TF, and

encrypted TF.

TF XM RICE e, W, Md 2 IR0, PN, S oo /g 50 M CrE R I
FELL, BEELONZ XD kiR a K79 —5 T, mENEMa-C g HEk, ~7
07 7 — VT E NS T ORI T Z 8 U CRGEBAEISCRZ IR & E) U 7= A IRBAE
JREH S TWD. ™ E7z, KRB IS TF DMEE L, AR Mehgie/e & L o
B G IEH SN TWD. EHI, BRANICITEGYE, RIERFO [ MER, NI TO TF %
BUZ KD EEETLE, & 2 \WIEEARIE & BIREE(LIC X 2855 TF BB L MARiE, M
PAZEDIFE TN TV A, I T, HIME & 23R 55 0 AALHIIERC JE L O 1=
fuTo TF L OBE S, FLs AF ORI T OM B2 M5 ECRELAEE > TN D.
) TF ’BMR T HHREZ Table 9 (TR, MIMERCE MBEE TF OB A FHE L Tl
URZIZERDZ ENRBEIN TS, ¥ e BN FRZMERATIE 68 ~ 81% D&k
T TF ORFEHRIANRO B, BDAERE CIARMEFIRREP GRS 52 L, DAMIEE
kD TE NG L TWAEREMENSH D, %0 F7=, LAk E e8Pt (acute myelogenous
leukemia : AML) T% TF OFEBUTENEBEICHENS. AML OYEKEE ) TR (ZBD
HEGRFICEETH LT TF ORBUTEME IS LEX 6N TND. M &5, TF %
BJCHENR D b DN ABE & AR EBRE TIE, BRI NEEEEMRE (disseminated
intravascular coagulation : DIC) FEJIERNEW =0, FHTUHE L7- TF NEETTHEZ 5 & 2
T2 & T DIC ZRIET D EBbns.



Table 9. The list of TF related diseases

Pathological condition  |Cell type Detail information
monocyte
Hypertension endothelial cell Angiotensin 11 induces TF expression through the angiotensin 11 type I receptor.5”

vascular smooth muscle cell

Hyperglycemia induces TF expression through the receptor for advanced glycation

Hyperglycemia endothelial cell ¥ -
ypergy end-products and activation of NF-«B. 5%
. . Diabetes induces TF expression, and TF levels are reduced by improving glycemia
Diabetes monocyte 53)
control.
monocyte Oxidized LDL increases TF expression, and patients with elevated LDL levels
Arterioscleros endothelial cell display raised TF plasma activity.
rteriosclerosis vascular smooth muscle cell TF is also detected in foam cells.
macrophage % HMG-CoA reductase inhibitors reduce TF expression. >
Inflammation monocyte % % Cytokines such as TNF-a. and interleukins induce expression of TF. 5% %

Plasma concentrations of inflammatory cytokines such as TNF-a and interleukins
are increasd at the site of coronary artery occlusion, and TF is induced.

vascular cell . . y .
Acute coronary syndrome 50 Several polymorphisms of the TF gene may be associated with a worse outcome in
monocyte patients with acute coronary syndrome, possibly through increased monocyte TF
expression. ¥
Acute myelogenous leukemia  |leukocyte ¥ Acuet myelogenous leukemia induces TF expression for activation of NF-kB. 3
monocyte )

Antiphospholipid syndrome ) Antiphospholipid antibody induces TF mRNA expression. *2

endothelial cell

I, I, 28 A, B 72 S Z, APS T invitro THLER & & PN RZAAEIZ aPL
ZRIMUTZSEIZ TF @ mRNA LUV TORBL EABREO L TEY, TF BB EFIC X
% MARTE R T 23 s ST 5. Ostertag 5% HUVEC ZE5 /L& LT, aPL fFfEF T
MmAEWNEAE Eo TF © mRNA 2358 LR35 2 & Z27R L, TF OFE EHR APS Ol
BRI O— B A2 5 afetE 2R/ Lz, P UL, aPL I3ZARIEICE LAY 7 a—F
NUED T8, TF @ mRNA OBl EF 34 APS BHE THEENKE < B b AR dH
0, MRFRRITE—EFICED O TIE AW EHERN SN 5. THFETIE, aPL OFFFE FTE
RN AR & 72 o 72RBE T (first hit), BEYWEZR L% U — & L TMARRTER I
(second hit), BIEFIRMMIEA KL =+ H > FE v MR GBI TS, ) AETIL,
aPL 2 AE PN EBIEIC 52 DRIZOWTHER L, MAENEMIIZEELT 2 TF @ mRNA
HELEZWET D & T, aPL f#/E FCilfeEm & 720 & BEICIE > TREEZ 1T - 7.

TF DNEELEICH ST 55T, TM IZEEEIHNCHERET 5. L5 PR 6 E K
TTHL Y EVEZRE LT 0T LTCEORMBICES X7 ETHD TM %58
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LTW5. FiORLEEIIC TM TR U e AT 52 8T, FOREIEERRE A
WEE LA~ E T 5 2 LN TE D (Figured). TM ICHA L7z b eix, 747
Uo7 47V ER, FV & FVIHE OiEYEAL, (/oA 72 & O g E e EREE
ZUN, Protein C ZTEMAL L CREB A PHET 5. Zhid, MR OT-OIZEEL S 7
e, — Gl MR A BRIE T 5 B CEREE S D 7 L —F 2 T 5
EEZLRTNS,

TM (T 557 ZREEDT I /B TR S N DEE@EEES "7 B TH Y, B TonTiE
105 kDa, FEiEIC F4or7-f 75kDa Z#/~9 (Figure23). £7=, 7 I/ KumdSHfafo sMalz
L, 1 EEEER T, HLRF VRMAMIBENICER L TWS. ® Ly F gk
AA THEOBEEICEE L, 20O RAAL U EREKIETEER~ 7 XA TIIRIEDBAIC H I
ERDAMRIZIE N2 72 0, SIESIET 5 L HE SN TIN5, %% EGF R A A I2id EGF
BT X BRELANY 6 [0 RS TEY, 4 HHO EGF Bk R AL TNV U L& L
T ProteinC &#f, 5 HEMEHE hr U EiEA, 6 ZFEPMENIZ br U EUEGE

Y= T 5. B0
Y¥
|\I|O

F I ’ 557 amino acids

Lectin-like domain EGF domain Cytoplasmic domain

¥ ¥

N N - linked Glycosylation 0 O - linked Glycosylation

Transmembrane domain

Figure 23. The domain structure of TM
TM is the membrane protein which has lectin-like, EGF, transmembrane, and cytoplasmic domain.

N-linked and O-linked glycosylation sites are also indicated.

TMIZMAENEMAZIZRBLL, B FTIRZE A EDEIRTRELL T\ 5. &les TORIL
BAMM 1 g H70 TR LIEGS, Mk b2<, ROTIHE, MR e ®E1 &
%% 5 MR RV SRS Fr R EY 2 ) CORBRRD 5 TEY,
BEE NI LA ORERE & U CAEIRPIHBEREZ A3 2 rTaetEs il S 5. E72, mi+icsd
2R TM X0 S5 TEOKY TM BEEL TWD. 2T N e EE 25 1) < i
HUZE L7 e T 0, MR O TM IR E O BT S NE MG E D~ —h
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. TM MBI S REEZR Table 10
WEBREZHETLHEED S L, DIC Z3IELT-HBE TIX

T, R HIFEREAT

oo TM JEEIIRIERTE B L C LR85 2 LGS TWS. 512, DIC 1BIET

BRI

bD. ITFEFEE

TENRO b
DI EHZRTZELEbETHRESN TV
SNV EFr b TM A HMLER O S E0ue L

AREMET L, SRR bATETICE S 1A

[
TM Z DIC JREHE LTH AW
FHIRRAE DU,

58, 62, 63)

HIMIERIZEE T 2 HEFRBHRREIZONVTHENLTWD Z & NRSH, BEES T, DIC I
L TR BEBEEOESVEKRBROT ET v A2 HOFEEE L L THREIh TG, ¥

Table 10. The list of TM related diseases

Pathological condition

Cell type

Detail information

Thrombosis

endothelial cell > %

The most convincing evidence that reduced TM function causes thrombois is
derived from animal studies.

Mice expresing ony 50% of normal TM function do not develop spontaneous
thrombosis, but exhibit enhanced fibrin formation in the lung in response to

prolonged hypoxia, > %

Disseminated intravascular coagulation

endothelial cell %8 62 63 64

In DIC patients, soluble TM (TM degradation product) is increased. TM is injected

to the patients for DIC treatment, 5 62 63 64)

Arteriosclerosis

endothelial cell ¥

Localized loss of TM from endothelium overlaying arteriosclerotic lesions leads to a

focal impairment of anticoagulant activation. *>

endothelial cell

TM expression in brain capillaries is very low, and might be absent in some regions

Stroke 15) .15
vascular smooth muscle cell of the brain.
High espression levels of TM in lung, esophagus, or oral squamous cell carcinomas
are associated with better-differentiated promary lesions and better survival.
Cancer tumor cell > %% PSR ; PR
Low TM expression in primary breast cancer lesions correlates with a high relapse
rate. 15, 58)
monocyte The Protein C and TM system is a critical modulator fo the inflammatory host
Inflammation response to infection.

endothelial cell ° 5

Activated Protein C suppresses cytokine elaboration by monocytes. % %

VLR E I
Bk & 720 e

B & 4431
% AIHE
1 PRz 112

E~OBGNEfRIN TS
Y ANV G AVA AN

CHERET 2 M E N ECHIAY E O IEAIE & o X7 T D, DIC Zhaw
WZHED LT, APS |
ARETIX, aPL BHFEETHZET TM ORBLENME T L CEEHE
ZHNH T & PR & 72 B LARE L, mRNA FEHLE A HE L C ke

PEIZ DWW TIHRET LT,
I b B ES LCEEE RSN

BT 5 MARFE~DEE 513157

THERET D TM IOz C7r v F b
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BV EA UCEEISNICEERE T 5~ Y R Ch D SDCA MIEET S (Figure
5. TvFhurrey Il Zhrrerzihdl LIIEELERR T 1:1 THEALT
Z DBEETEM 2 RELT 5. SDCA X7 v F hrr ey Hl O ha v r~0FfrEzH
1000 fEFEEE & o CHLE PN FZ - CoEEE KIS OIEIc FHE L Tng.

SDC4 % 198 FREED T I/ FRTHER S N D IR E @ NE 2 o "7 Th % (Figure 24). 7
RGNS 3 RO~ T UREEN ARG L, 1 BEEET, UARF IV RIGIZ 28
FIEOMINEN RA A % H T 5. CBD RAA % cell binding domain OREFETH Y, IME
N EGRBR LIS ORI DO MBI AN FE ST 2 FIREtE D & D R A A U HEIk T 5. SDC4 1Xk R T
TAHPICRIET S, /v /T U b~ ATREFICHET OO0, AR,
PASEVERE OB, RS OANSIBIEORBEN B b,

* 198 amino acids

Heparin-binding domain CBD domain Cytoplasmic domain
Transmembrane domain
Heparan sulfate chain

Figure 24. The domain structure of SDC4
SDC4 is the membrane protein which has heparin-binding, CBD, transmembrane, and

cytoplasmic domain. Heparin sulfate chains are also indicated.
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SDC4 7% APS DIARIERKIC G 2 D BIZSOWTIE, XY /N7 H L~V TORERD .
SDC4 D~/T Rl ORESEE 2 A L TRV EMERER H Y, mPoBtEmEEZ AT 5
B2-glycoprotein | & BRANCHEST 5. Z 21T P2-glycoprotein | A7 aPL T aPL ot
THEERPUALEZ LTS Anti B2-glycoprotein 1 23 SDC4 & B2-glycoprotein | &
BAERITHEGT 2 &, SDCA OHEEFEEMBEESHIERIC I VILFEIN D Z &Rt ST
W5 (Figure 25). °

Anti-B,GPI ng

TLRZ/TLR4 Hoparel

expression Signaling | —= NFxB

T p38 MAPK

Figure. 25 Endothelial cell activation by anti p2-glycoprotein | autoantibodies
(3CHk 57 X v 5IH)
aPL react with B2-glycoprotein | expressed on the endothelial cell membrane and induce cell
signaling. PB2-glycoprotein | adheres to endothelial cell membranes through the electrostatic
interaction between the cationic phospholipid-binding site in and anionic structures in heparan

sulfate.
L2rL7e285, aPL 2% SDC4 @ mRNA JEEL L ~LIZ 5 2 5B TRE ST,

ARFETIL, aPL AMFEETH Z & T SDC4 » mRNA FELEAMK T U ClLkAE I 72 5 ATRE
PEIZ DUV T HUVEC & IV 2 3281 & 0 e L7z,
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TF, TM, SDC4 Z¥EH4 2 i /& PN R S BEE SO IS IN A, M EFEET, mARRIE, 20E
T, BUEIRE 7 Ehka B2 S TR Y, ZORIITIS U THMWE 37 HOE
B BT LUV THIB L AN BRI LT A, 0 A Ro i3 KBk & &
HAIMAE F CABITER % TRMIZAT I > TIENEITE T3 2 mIcdH 525, mAE WK
AERRIEAE 2 3 MRIC A L TR Y, MR EL M ZITTWD. Fe, mENKARIC
MR X2 ER ) THHT VIS 5. 30 IS NTE R M 823 2 & N B
DRI S )T, MAEDOFLERKE L CMERE T/ 7o il AR THE S 1
LA & MR OKNE (W 128> TET DT /IR Th D (Figure 26). #E, Kl
IR CIE 10 ~ 20 dynes/cm?, Fi/NEIRTIZ 20 dynes/em?, #HIRTIX 1.5 ~ 6 dynes/cm® O
T OIS MAE NI AT S AL, S NI O TERE & a O BT F 8L, HEREIC b3
WrBEzLHLEZLNTNG, 9

Figure 26. Definition of shear stress on vessel walls (3Ciik 66 X v 3] H)
Shear stress appears to be a particularly important hemodynamic force because it stimulates the
release of vasoactive subsrances and changes gene expression, cell metabolism, and cell

morphology.

15



FTOISBMD 2D Z & T, ME N BRI T8 7 2 ik & T 2 9E5E 7 2 A N
HORMAEILRWE (NO), 7' 2 2o 7 1 o (PGly) , I & Z 4= Nt U (ET-1)
mERPEE, BT 5. BIMEROBEICHERIRFTH S intercellular adhesion molecule 1

(ICAM-1), vascular cell adhesion molecule 1 (VCAM-1) I3 Ml K 0 HlfH v T
D, RIELEIRFE L ~OBE BIFH ST\ 5. % %870 9y 5 3R - HUERRE K -1
52238 LT, HUVEC I[ZF VISHZAM L7ZAIIET O TM O mRNA &390 57
\ZARAE LT 15 L, 18 dynes/em® DA TITN 3 {51225 Z ENMESNTND. &5IT,
TINF-a 72 EDOYA ST A4 2T TF @ mRNA FHBLEN EH L7 HUVEC IZT VIS 1EA
Mg %L TF @ mRNA BB S5 2 & NMESNTEY, T 0E/1E mRNA L~
VT, TM O¥BE LR SE, A M UA EREE TF OBFABEZETSEDLZ L8,
VEE - PUEEEIN T2 HIET 5 2 ENRBER TS, O B, FUIEHICkD TM 0%
Bl EFIC oW T ERORED H S (Figure 27).

Shear Stress

Antithrombotic AntimigrationJ

o

NO

tPA =

Thrombomodulin [ Pro-survival

C-/},ﬂ C‘/\“") C—/\:(——/-\:-) Endothelium

X "Smoom Muscle
l Antigrowth I TGE-B

Figure 27. Eendothelial cell biology and shear stress (3CHk 71 L 0 51 )

Shear stress promotes release of factors from endothelial cells that inhibit coagulation, migration
of leukocytes, and smooth muscle proliferation, while simultaneously promoting endothelial cell

survival.
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1% PN A S ERRIAIE C o 5 370 6 1% & O X5 IR RRKIZ A L T 2 5%
TR 22 > TORWD, TOIRHOZBFERE L TZIA T 7V o, AETT, G #
VN EHBZIRIR, AT T v o RAMEZILNTWD., ZHUHDZFEERT VST
DOWYERRIS 25217 5 Z & T HICALET 5 Raf, MAP kinase kinase (MEK), ERK1/2 7
EPTEMEAL S 3L, mMRNA DOEEE., X X EAERICENR D LB Z BT\ 5 (Figure 28).
OTE, TM VISR LT mRNA BBEENE(LT 5720, Zh b0y 7 FURE
RIZE D REBENGIEEND Z ENEZDBND.

? Shear Stress ? Shear Stress

b 7\
Integrin T Hecapmr
Caveolae h | | G Protein Ion Channel
r @H@‘E@f‘[}~\
- 4
lon
_"“:: Homeostasis

{
/'l'\

PROTEIN TRANSCRIPTION

SYNTHESIS FACTORS

Figure 28. Proposed model of shear stress-mediated mechanotransduction in endothelial cells
(3cmk 71 kv 51A)

Primary mechanosensors  (eg, integrins, caveolae, G proteins, ion channels) transduce physical
stimuli into biochemical signals. Several stimuli serve to activate Raf-1, including tyrosine
phosphorylation by c-Src or c-Src like kinases, serine and threonine phosphorylation by PKC, and
GTP-bound ras. Raf-1 activates MEK, which in turn activates ERK1/2. Sustained generation of NO

may result from the effects of ERK1/2 or through direct effects of mechanosensors themselves.
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51T, HUVEC EToO TM OFEBUIMKNGD cAMP 4T Lo EEIC L v filfl S b
LA SN TNS. ™ Maruyama 5 P [ ZEAHEEEE L7 HUVEC (2 2mM  dibutyryl
CAMP ZiiNIN4 2 Z & THMlARED TM 28 2 ~ 3 FICRBLEA T2 2RELTEH
D, ZAURIE S L= HUVEC (T 18 dynesicm? OB Z T 7-BD TM DFHL L
FEIZE-HL TS, O FOISHBMIEAND cAMP % ER-SE 58K E LTI, F
DI XV IEM fbSnTe G ZF U RXVENT TNy 7 7—EB2IEMH L LT, ATP %
CAMP (2925 Z L EE SN D (Figure 29). cAMP (X protein kinase A (PKA) 751
{fE L, PKA (X cAMP JSERSIFE S # > 737 B Td % cAMP response element-binding protein

(CREB) % U »#{tk LT, CREB |3 _EEAZE TS Z & T DNA LED cAMP GRS
IZfEE L CEIEFOES L5 & 4. ™

Shear stress . . Adenylate
G protein
cyclase

(W=
Cell membrane m

ATP cAMP

4

PKA

Nuclear membrane
/’-—f_yx \

Transcription
Figure 29. Shear stress-mediated transcriotion pathway

G protein activates adenylate chclase, and cAMP is synthesized. PKA binding cCAMP activates

CREB through phosphorylation.
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APS DIfEEAEF & LT TF BB EFNEZ LN TV DA, aPL 13RI E LA Y
7 v —F UK TH APS BF CTHEENEL Y, MREARITHE—HFICL Db TIEARneE
BESNhD. £/, APS 3L TEIFFARMARIE 2 FIES 5720, TF OFEH EF-OH T
RIRRET R CEBAT D Z LIETE P, okxRBERLEZ 5N TS, P % JEET
I%, aPL AIMENEMIO Y IR iz B2-glycoprotein | 2/ L CREAT 2 Z & T, Hila
W@ second messenger system 72352 L C p38 mitogen-activated protein kinase (p38 MAPK)
ZIEMEE L, 512 p38 MAPK DERER FIZ/EH 3% Z & ¢, TF, intercellular adhesion
molecule 1 (ICAM-1), vascular cell adhesion molecule 1 (VCAM-1) 72 X' mRNA O¥EBL&E
WETHZENMOENTNS. P £/, mRNA BEEZL(LEZBLTH I EL~UL
TORAEGE L, MENOERE ORI FIL, MRERIZmS LEZEX TS,
B0 sbie, R LEE Ay Rey MERRICBIS T 2 28 L LT, p38 MAPK,
ICAM-1, VCAM-1 2/, toll like receptor 2, toll like receptor 4 73 EAVRIES LT 5. &
D OREERRICEE LRnS o8y BTN A, aPL FEEFTOEA L Ry MTEY
BEEBOSICERERGT 52 7 BORBENE( LT, AENDIREEIZ 7R 2 & 8E
IND. RETIE, aPL 238 NEZHIIIC 5 2 DRI OWTHEHR L, A N B IZ 3
B4 HEEERE 2 X7 ETH D TF, TM, SDC4 @ mRNA ¥BLEZHIE L, aPL 17(E
oA Em Z R T ERE Lz, £ Ostertag & DO FEERESH L L ClENEHIROE
T/ Td D HUVEC |2 aPL WML T TF ORIN L7252 & 2R L, Ostertag o
2 LR D2 R ERR AL L. TF BN BT 58T T, BEMHIKFTH
% TM & SDC4 & mRNA FEHEOZEAL) G ke M[A & 72 5 AraErE 2 Fas L7z,

2) MEHS L OUE

(1) AT mE

WAk R oL (B PR tt), RV Ae R AFAT I 220 (Tris; &
B TATATRAS), 7V vy (FUeEAath), b U v s BRIk
=fh), HEPES (BkXtt  RUCARSEWFZERT), U v BRKE S MU DL - +Z0kF (Fn
VM TR AL, U iR ZOKSED U U A (R T3k 41) , bovine serum albumin

(BSA ; 7 ~T NV KU v F Uy ARt ZRENERNT & L THWZ. pH RO

IZHRE (v MRS 2V, X U EEESE D70 BT U IVETER
F U 7L (SDS; F v A FERAS) 2V, BURBUASOS OFEEHE H o S TE A &
LT Tween20 (7 ~T VKU v FVx RUAREME) &R,
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(2) 19G KE#J7ik

MeENS aPL Z2&TeAR Y 7 m—F )L 196G R L7-. 196 HHRHADY 7 LA
Y74 —Ah Rartr hoSLREE AOMmEE, HIRO LA BrESE Biastty o7
a) AW MmE 1 ml (2 20 mM Tris-HCI pH 7.4 % 45 ml Iz THR L=, FR L=
4%z Lru—27%F A hZ A7 045 um 7 4 L Z—0 DISMIC-25¢cs (7 K2 T »
7 RPERRE ) CIRE U7z, PR EUE A 2 4 Td 5 HiTrap Protein G HP Column (GE ~
WA T Oy SR BREa~ NS T 7 4 — AT A THD BioLogic LP A
ThH (NAF-TFy K TRT M) —XRAS4E) (1THEGR L, washing buffer & LT 20 mM
Tris-HCI pH 7.4, elution buffer & L C 100 mM Gly-HCI pH 2.7 % flWCHUAR RIS 27 A &
L7-=. washing buffer Zi#E 2.00 ml/min < 10 ml ¥ L CHEIC buffer Ziii7=L7=. £o
%, AR LMt % 7 7 Z 4 LT washing buffer & 3 (Z3#E 1.00 ml/min < 15 ml L,
Protein G HP Column (ZM#EH D I1gG % WA S W7o, WEKIZ elution buffer % it 1.00
ml/min T 20ml % LT 1gG % Protein G HP Column M SiAH L7z, IEH Sz 196G iR
Iml [Z%} LT 500 mM Tris-HCI pH 9.0 oK ET 70 ul - <IZHAML, pH 7.4 (29 FnL7=.
B S 47z 196G Wik A A 10 ml [ L7z, BTk, SRR 27 A1 washing buffer
Z PR 1.0 ml/min T 20ml, Zd#%, ¥l 2.0 mi/min T 10 ml ¥ L T & beid L 7.
Z 78 1% 0.D.280 1Tk H L=,

EH S 19G W 10 ml 2@ Ch 2 BTH B e — XA F 2 —7 (=i
&4E) 1T AR, AR E LT 20 mM HEPES, 130 mM NaCl, 2.5 mM KCI #&ig% 1L AW Ci%
W 4C Tiioiz. BHBAtAD 1 Refth & 2 RERIRICIMNK A ZSHL L, Z OBITIMEASHE
ZATOTIC 12 FEEENT L7z, @I #&IC 196 WiRE IRl T —RAT®7 A M Z AT
020 um 7 4 /L% —® DISMIC-25cs (7 RNV T v 7 HEEA S ) ClEE L7,

JEiE%, 19G ¥ %Z Amicon Ultra Centrifugal Filter 4 ml 50K (Merck Millipore) (Z Az,
1,500 X g T 20 4rfE=RiR Tl LT 10 mg/ml 2 L TR 19G & L7z, TP #kdk -
Bl=z ¥ A (AX vy 7 A&t LA(LFEREMEE TH D ABEHITEE 7180 (R
A&fth ASinA T 7 /vy —X) ZHWTRE U7 EREZIET 52 & TR 196
MEEEATEER L, R LT 10 mg/ml (ZFHE L=,

(3) K 19G » SDS-PAGE
K%L 19G % 20 mM HEPES, 130 mM NaCl, 2.5 mM KCI &% ¢ 200 pg/ml (27K L7z, %

7=, HiTrap Protein G HP Column (ZWi 35 S u7an» - 7= 3@ 0 B oEGE 3 20 mM HEPES,
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130 mM NacCl, 2.5 mM KCI #&#& T 10 f5IZA R L7-. 3 X SDS Sample Buffer Blue (Cell
Signaling) 7pl £V 70 4ul ZRE L. £72, B 196 oV 7 LT 10% D 2-
AN T vy ) — (BER bR ASt) 25 A 72 3 X SDS Sample Buffer Blue % {3 /]
L7 abeCGRRE L, Biclibino 2 BEOY A28 Lz, fR L
P 95C T 2 MR L, # NV EEZEMESE T SDS-PAGE 7Ll L.

SDS-PAGE D7 NI =7 m7 47 TGX 7V 4-20% gradient gel 15 wells (/3o 4 -
TR FRTFU =S 2RV SR RESIKIEEE (GE ~L AT Y
¥ X URRA S (TR E L CHEE %2 SDS-PAGE running buffer (25 mM Tris, 191 mM 27U o
>, 0.1% SDS) Tii7=-L, &V 7% 12u 7774 L. A A~v—h—llix7 1L
Yay Plus 7arAr 2 AR UH—K (R4 ATy K FRT )AL &
S5ul 77 I A4 Lie. 77T A%, 20mA T 1 R OUkKENZ{T o 7.

RENE IS/ A B L, JEERBRKEZR7- LT 5 RIRE ST 51E%E% 3 BV IRL
7o, Yufajg & LC Rapid CBB KANTO 3S (Bt ik itt) 2 HWT 30 sofifikiE =&
7o, Gea R RS ROK Tl L.

(4) #5H 19G @ ELISA 1T K 2 SUSHEDHERE

FEEL 196G BRERLEFE TRIE L TW AR W i#RT 5 72912 B2-glycoprotein | 12X %
ELISA %17\, MUGHEEMEGR L7z, £, p2-glycoprotein | ¥5% 4 mg/ml (%~ D5k
241) % phosphate buffered saline (PBS ; 137 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1.76
mM KH,PO,) T 1000 f5IZA R LT 4pug/ml & L7=. AR L7= p2-glycoprotein | &k %,
7'L— bR % radiation L C~A FAF ¥ —V%HTH ELISA iI7L—F AR ((EX
N—27 T4 MEEH) 12 50 pl FHORML, well OEICITEED X 5@ %Z, 741
LHR—% LT 4°C, over night TEAR{LL7Z. 4°C THEALZIZT L — FE=REIZEL,
% well |2 PBS % 200 pl F>%AINL T wash L7z. wash 7%, PBS-1% BSA % 125 ul i
L, 37C T 1 KA v FaxX—ra L TT7ryF I afTo7z. K 196 L xtie
L CRRT O mAE % PBS - 1% BSA T 50 f5ARL, 7 mryFx 27 L well 1 50 pl 3
OEFMMLT 1 BR=IECHE L, B L7z p2-glycoprotein | & ¥ 7 /L OHA THIUR
PURBOS 2 S W72, JOSHE, R RIS 2 BRES 5 72012, PBS - 0.05% Tween 20 %
200 ul #sAnL, 3 [A wash L 7z. Anti-Human IgG — Alkaline Phosphate antibody produced in goat
(=TI R v F V¥ A RE) 2 PBS T 4000 fFA R LT 50 ul 972 well (2
WL, 1 R EIE CHfE L7, FE, PBS -0.05% Tween 20 % 200 pl #M1L T 3 [A] wash
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. JE & LT, p-Nitrophenyl Phosphate Substrate % V72 ELISA 7 VB VIR AT 7 &
—P A =m— (PNPP) EEE S 2T A (V7<= T N R v F Dy R AREM) 12
p-Nitrophenyl Phosphate Substrate ¥A{% 90 ul % well ([ZFRIN L7z, #E%, MSEEIESHE
FTIRWZ L2286 30 ~ 60 iy Cant~vA 27 L— K —X MTP-120 (= r}EX
HASH) T 415 nm OUOBEZREEAEIC I VR L7z, BEC unit 2MEFHT ShTn 2l
rxy )7 L—2—L LT, RERZERTDZLTH 70 it 25 L7

(5) it A A

MmNl & LT, b M E RIS PN B (Pooled Human Umbilical Vein Endothelial
Cells : HUVEC) (1 ¥y s pklzth) 2Mwvic. EERICIE, EICHER 3 ~ 4 LA
DEEFHIL A V-,

(6) AHpukEEE ik

HUVEC DBARITIINY ¥+ v 77 25 em? HMilfius#H~7 7 %= (FALCON)
Z Wiz, gelatin (BIHA L AR S4E) Z2/KICEEME L C 2% gelatin 382 3% L, Hanks’
Balanced Salt Solution (GIBCO) T 4 {54 L 7= 0.5% gelatin A%, MlakEH 7 7 A =2

Z5ml iz T 37 C T 30 4rffkiE L, gelatin coating #17->7-. £k L LT, EGM-2
(2 PPy RS ZH W2, EGM-2 (3EARRSHIZ fetal bovine serum (FBS),
rhFGF-B, GA-1000, rhEGF, VEGF, hydrocortisone, heparin, ascorbic acid, R*-IGF-1 % i
M3 2%y FThd. 7ok, FBS ORREIX 2% & L7, i L7- EGM-2 T HUVEC %
BRI L, 25cm” MlRE#RA 7 7 2 =22 5ml iz, 37°C 5% CO, A v F a—4— (/$F
Y=y VAT T RS ) NTTHRHE L. BRAcHIT 2 BT 1 RIS L7,

(7) MR o B 5%

25 cm® s 7 5 2 2 THE#E L2 HUVEC 706 EGM-2 27 A& L — & — Tl 5|
L C#E PBS % 5ml Jl%z, HUVEC % wash L7=. wash #&IZJE PBS # 7 A L—%
—TWBIL, MU UIEDTA % 500 ul Mz, 79 A a2KIZTZE L. HUVEC O
TIAARDEENRES>TND I &R L, ¥ v 7 LT HUVEC Z5ERIZT 7 A aE
DOERES . NY T ERRT 57291, EGM-2 %, HUVEC #8#E L7 ¢
MY L7z, BN, RV 7o abrEd 572002, 100 X g T5 R=iECmo LT EE
ZELDFRE, #7212 EGM-2 #/l%x T HUVEC % & L7-.
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(8) HUVEC ~® aPL & LPS IRINC X DD v R v MNEIROMRGE

APS BETITE v Fe v MG E LC aPL 777E F CIEUYEL R U H— & LTI SE
ERIET DI ERMESN TG KETIL, aPL 2 E50A Y 7 m—J) Lk 196 12
Nz T LPS ZWML, BYMEZHEBLL CEL Y Re v MEGROMGEEZIT > 72 BRI
Mk ERM 7 7 22 bEIL L HUVEC % 15 X 10* cellsiwell (2725 X 912 0.5%
gelatin #&#& T gelatin coating L 7- 96 wells #5537 L — ~ (FALCON) (Z@snL7z. &
72, BEFORHEN 300 ul 12725 X 912 EGM-2 Mz T 37C 5% CO, A > F 2X—H
—C overnight TH#& L7-. HUVEC % 100% confuluent & L T well {2+ 285 L7122
L RO, EGM-2 12 0.2 mg/ml A8 19gG, 10 ng/ml LPS (3 7/~ T7 /L RV v F T8
v aFEf), 5 pg/ml B2-glycoprotein | & A S 7o k5l & A2 LT 37°C 5% CO, 1 > F
2 _X— 2 —CEEHRICHE 4 FEfRsE L=, 12 58 Ostertag 5 TF OB EH D E
B hhsh, aPL 2L T mRNA OZA bz 4 25 925 CTIIEERRH 2 4 R & 958
HENER D D12, AFETS 4 BRI E L=, P B2-glycoprotein | & U U JEE OB A AIE
aPL DPIHDO—2LEZ LN TWNDH70, aPL O ~OFRAZRIEIE D70
B2-glycoprotein | ZHFHUZHIN L7, 7235, F5H 19G WINOxi s U TR 19G REIID
Be A R U CRBRICEBRIC W 2. A FEBREIEA n=3 THEML, VHHEL SD ZHHL
7z

(9) HUVEC ~0D¥5HL 1gG #RIND B2 WAt

96 wells #5538 7" L — KT 100% confuluent & L7z HUVEC |2, EGM-2 (Z 0.2 mg/ml
K%L 19gG, 10 ng/ml LPS, 5 pg/ml p2-glycoprotein | % &4 ¥ 7=5 iz 4 L T 37°C 5%
CO; £ v FaX—x—T 4 K& 24 KfjE5#% L7=. HUVEC ® TM @ mRNA FBi&
TR 2WEITIE T T, RG24 Rk BB ML 2RO 556 & RIS —i#
PET 24 BRI ICHINATOFBE L 25 5A030 5. %% aPL Ik & —@tko &5 5
DRI E RIS H 721, 24 REIEFEZIC mRNA BEEZHE L, 4 R CTORBE
LA T o7,

(10) HUVEC ~® cAMP iRINO KT

FE S T L7 & 9 AR Tl W EGHIIIZ X T 0 IS ) 0B3220V, HUVEC 1%
FTOISTIOAMEREE FTIE TM @ mRNA &2 3 f5ICRBL ERT5. 1o T, TM 04
RN DI E BB IREE DR 3 [FRRE SV EEESH S, Maruyama H @ 1% 3
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mM dibutyryl cAMP % HUVEC (Z¥SINT 2% 2 & T, T VIRJIFE F CTORE LR &L
FUK 2 ~ 3 fFI2 TM & ERSE WD, RFERTIE, TV E 0N OR
FERS FHT A EEZLND cAMP OTF7F 1/ Th s dibutyryl CAMP % IV T TM D%
Bla bR SETERRNORERITT ST L Z L 4B 2. HikEE 96 wells fiihsE 7 L —
k"¢ 100% confuluent & L7= HUVEC -~ EGM-2 {Z 0.2 mg/ml ¥&# 1gG, 10 ng/ml LPS, 5
ug/ml B2-glycoprotein 1 12/ 2 N°2’-O-Dibutyrylatedadenosine 3,5’-cyclic monophosphate
sodium salt (c(AMP; > 7' =7 /L R v FARIEH) 258 S8 MZ2 R L, 37°C 5% CO;,
A oFa_R—F—T 4 B L 24 WRAEEHE L7-. cAMP OJEFEIX Maruyama & @ @ 3
mM cAMP OF—4#%%EL1LTO0, 01, 1, 5mM & L7-.

(11) RNA i 54

HUVEC D5 % ISl +5rd 5 2 & a8 LT RNA filifi 4 Tagman Fast Cells to
CtKit (Applied Biosystems) # FHWCTHEfE L7z, F7°, iz T XTHRY R, 4C THA
L7z PBS #¥INL T wash L7=. %> ~® DNasel & lysissolution % 1:100 ®OH#T
BEoE, £ well (250 ul F¥2@MLEZ. INE, WWRAAELRNWEIICP-< YL 5 [E
By T 4 7 %1T> T HUVEC % lysis L, R T 5 oiE L7, fFEZICxTY O
stop solution % 5 pl ML THEANAELR2NE I TP - D & 5 EIERyT 4 T E2IT,
lysis S %5 1k ST 2 rffEE L. frE%, cell lysate & LC 1.5ml F=—7I1Z#% L,
-80C TiRfFLIZ.

(12) reverse transcription St~

cell lysate % -80°C 7B HLY HY L COK L CRlfi# L7-. nuclease free water (GIBCO) % 12.5
ul, Tagman Fast Cells to Ct Kit @ 2 XRT Buffer Z 25 ul, %> ~® 20XRT Enzyme Mix %
25ul ZEA L, £ 21T cell lysate 2 10 ul #INL T reverse transcription > 7 /L& L7z,
reverse transcription ¥ > 7 /L% PCR %i& Td % GeneAmp PCR System 9700 (Applied
Biosystems) (2%~ kLT 37°C 60 43[EC reverse transcription 17V, 95°C 5 4y[# Tl
BORIESECLREIL 4C RIF LD 7177 ACRIGS 2. PCR 2l TN OISR %
reverse transcription Sk & L, -80°C TIRFELT-.

(13) Real Time PCR [t 5k & figthit 71k
Real Time PCR J&Hi2ix 7 1 —7|Zi% Tagman Gene Expression Assay (Applied Biosystems)
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Rz, TF, TM, SDC4 O 7' u—=7 & L CZIZ4 Hs01076029-m1, Hs00264920-s1,
Hs00161617-m1 % f\ 7=, ANTEME= > b e —/Lid 18s IRNA O 7 11— Hs99999901-s &
GAPDH 7' 1 —=7 Hs02758991 g1 % H\ T n=3 TTF— X WL, SD DK\ 18s
rRNA Z+£H L7=. nuclease free water # 5 ul, Kit H® Tagman Fast Univerasl PCR Master
Mix % 10 ul, % Tagman Gene Expression Assay %z 1 ul 3 2/EA& L, % 21T Reverse
Transcription &z 4 ul 00, &4 LT Real Time PCR # 7/ L7-. 7235, 18s rRNA
DY 7V TiE RNA BENEWZ & 2EE L, nuclease free water C reverse transcription
B 100 f54 R L C Real Time PCR ¥ 7 /LR L7-. FH%f%, Real Time PCR #
> 7V % Step One Real Time PCR System (Applied Biosystems) (Z& >~ F LT 95°C T 20 f
FINIET, 95°C 1 L 60°C 20 Mf% 40 ¥ 7 LXK L T Real Time PCR %7\,
PCR 12X % DNA OAKKIENHEL DT u—T D LR—Z —DO&ENE2BH Lz, Bt s
Nicgotm e A 7 VEBOBRND Ct HEEZREH L THIEEa Y be—Laxtiie Lic A
ACt HEICE Y, mRNA EHELZHE L2, A/ Ct kL, =7y FEfa O Ct fEE W
fEfE=m s br—Ld Ct EOEZFE LT ACt 2Rk, H#FERGEMD Ct i L L
5 EBREMD ACt EOEEFL T AACt iz kT 27499 ZHM L ThHEL D
KL DO mRNA RB&EZ 1 & LIS AOFERSEIMO mRNA I 2 HxH g T
TLHHETH D, AACt EITHRERZERETIC mRNA HBLEZ ERT 5 HETH
¥, Real Time PCR @ 1 %A Z )L DEWTIHEEN 2 (FEOEND D &) BlFa &G L
o A —H — RO ik Thn. P

(14) FCEHEMT 7k

EHREIL Microsoft Excel =7 /UGt 2012 12X W {T->7-. Medium IgG (-), Normal
IgG, LAIgG DT L EL#ER TH S Dunnette FE % W, FEEOHTTO 4 FEE L 24 B
M O FEEEFFM O Fefe (213 Student’s t-test % A=, £ 7=, fGRE1X 005 &L, p<0.05 %
MEHHNCHEER & D LRI LT,
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3) Mk
(1) 1gG RO —

IgG % Protein G IZ L VR L7 (Figure 30). > 71L& 77J4 LT IgG =17 A
D Protein G (ZWFE SH7-. 8 ~ 17 /7 DOfIZ 0.D.280 K< EH L, 196G LA Dgk
DM HT LEFBEY Lzt Bz L. S 51, elution buffer (ZEHL THE 3 ~ 4 73tk
IZ 0.D.280 28 LH- L7272, 1gG DOIEHE EE 2T 10 ml UL T IgG ik & L7z,
APS BE D 19G 47 HIZIEL aPL DEENTWND EB X TURMOEREIT T2,

20

184
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147

1.24
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Figure 30. O.D.280 value in IgG purification
Sample was applied to HiTrap Protein G HP Column, and IgG was trapped to Protein G. After
wash, 1gG was eluted by elution buffer. The protein concentration was investigated by 0.D.280. S

and E letters indicate start point and end point, respectively.
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(2) ¥%L 196G @ SDS-PAGE

K8 196G » SDS-PAGE %47\, & 7L OHiE Z el L7= (Figure 31). fadi Al E
& LA BPEMSE L B ICIEETIRETIE, 100 kDa LI ED 5y B THEO N RRFEH L
7=, 725, FERICIRRETIZH 5728 buffer 1D SDS 12XV 196G DY AT ¢ REE M —H
Ol =T 100 kDa LL LD FETHEHBD N RERrLiceBZ 65, —J7, BEoRE
TlX 100 kDa /3> R2MEK LT 25 kDa & 50 kDa @ 2 KO/ RO LT &
N5, 196G DY AT 4 REEA MUK X4 C light chain & heavy chain (207 &5 %
STz, FERITIRRE L B ITIRRED SDS-PAGE D/ RAZ—rink, WY 7 m—J /L IgG
ELTEMETHREEIN TV Z 2R L.

A B

250 kDa b _—
100 . —
B - =
N - o - - .
37 - J—
3 - -
20 -

15

10

Figure 31. SDS-PAGE of purified IgG
SDS-PAGE of purified 1gG from LA patient and normal plasmas was shown in Figure 18. A and
B lanes indicate LA patient and normal saples lanes, respectively. The left, center, and right lanes in
A and B show the non-reduced purified IgG, the reduced purified 1gG (including 2-melcaptoethanol)
and the non-reduced flow through fraction, respectively. The broad bands of about 150 kDa in the
non-reduced lanes are purified IgG, and the 25 and 50 kDa bands in the reduced lanes indicate light

and heavy chain of IgG, respectively.
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(3) KM 19G @ ELISA 1T X 2 SIS HED s

LA AFIMAE, B, @ AMENS 196 2R L, 10 mg/ml ([ZEfE L=V 7 L%
FNT, B2-glycoprotein | & [P dE D SRS KIT 2 HUED G4 ELISA THER L 7=
(Figure 32). %7z, 19G HHaioMEE %R 7L e LTHWE. Iy N4 7T 104
Unit LEREINTEY, LA BFMIETIE 50.8 Unit TEEME, 5 ANMAETIE -4.5 Unit T
SHEOFERDG Oz, LA BEMEORR 1gG Tix 108.9 Unit T, A AMIED K
Bl 1gG TIE -5.3 Unit CRRMEOREENE L. LA o 70T, ML e L CRsi
IgG DI NREETH Y, £ 2 50 Unit #% 7~ L, p2-glycoprotein | & [EMEMTEDOEAIRIZ
T DPUAN L AFIET D LA Lz, —J07, @AM TIE, miEsRBHR 196 &b
WZROGPEDME <, B2-glycoprotein | & FE AT B DO E A IRICHT T 2 HURITFIE LR 2 & 25
L.

160
120 1089

80

5 50.8
40
0 == |
-4.5 5.3
-40
LA Normal LA Normal
Plasma Purified IgG

Figure 32. B2-glycoprotein I IgG ELISA
B2-glycoprotein 1 IgG ELISA was tested for the separate quantitative detection of IgG antibodies
against B2-glycoprotein | in plasma and purified 1gG samples. The cut-off value was considered as
10.4 Unit in general. LA plasma and purified 1gG indicate 50.8 and 108.9 Unit, respectively, and
these results mean that both samples were positive. On the other hand, normal plasma and purified
IgG indicate -4.5 and -5.3 Unit, respectively, and these results mean that both samples were negative.

The unit was determined twice.
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(4) Real Time PCR /i

cell lysate % v 7z reverse transcription <ii>72>5 HUVEC H @ mRNA (Z2%F3 % cDNA
4G L, cDNA % template & LT rRNA18s, TF, TM, SDC4 ¢ Real Time PCR % Flfii
L7-. RFETHWW7 stepone real time PCR T, f#filiz cycle #%, #itfhiz JRn & LT
amplification plot 23{FER =415 (Figure 33). 1Epk S 4172 amplification plot 7>% threshold line
ZVERLL, Ct EZRH LT,

Amplification Plot

EES—————
I
e
#
0.392847 M{.«f—
0.1 f f’
0.01
i
g
0.001
0.0001
0.00001
0.000001
2 & a 10 12 1 18 18 20 3 24 26 28 30 2 3 3 38 &

Cycle
Figure 33. Amplification plot screen of 18s in StepOne Real Time PCR System
Amplification plot represents the fluorescence in each cycle, and amplification curve of 18s was
graphed in each experimental condition. There was little difference of 18s amplification curve in
each experimantal condition, and 18s was used as the endogenous control in this study. The

horizontal line in the graph indicates the threshold line.
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(5) HUVEC ~® aPL & LPS iRINC L 5N Fe v NEEHOMEE

APS BE CRYYWEZL N H—& L TIIEAZFIET 5 Z L #8E L, aPL {#/E F T LPS
Z HUVEC IZIRINL T TF @ mRNA #EL &4 HE L7 (Figure 34). ¥EH 19G ZiisnL
TV MediumIgG (-) &METFTO TF @ mRNA ¥H&E% 1.0 & L7z & & o Al
FEOREH 196G, LA BEMFEORR 1IgG RMEED TF @ mRNA HBL&EIXZLi 1.3,
25 THY, LAIgG T TFmMRNA [FmfEZ L7z, ZO/RRLY, Uy ey MEERIZ
> T aPL A F T LPS 78 TFmMRNA ¥ &% FH SHE TS5 721, Ostertag 5 2 &[]
—OFEB AR T RRREML LT B X, 7235, LPS IR L2 WG &IEEn TN D TF
FUERICEITRD N0 T,

3.0
x - =i
2.5 T
25
T})
2 20
fom
8
@
215 1
<
u') —_—
< 1.3
< 10 I ’
R 1.0
E i
0.5
0.0
Medium IgG (-) Normal IgG LA IgG

Figure 34. TF mRNA expression level in second hit condition
TF mRNA expression levels were investigated in HUVEC cultured with normal 1gG or LA IgG,
in addition to Medium IgG (-) as reference. The TF mRNA level of Medium IgG (-) was established
as standard, and those of normal 1gG and LA IgG were calculated as relative values. That of LA 1gG
was much higher than that of Medium IgG (-) and normal 1gG, and it shows that the experiment was
established according to Ostertag’s method. Each sample was assayed in triplicate (n=3). The bars

indicate SD. *Statistically significant (p < 0.05).
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(6) HUVEC ~ aPL & LPS ifINIZ LD TM OFEELEZ L

LA 19G #RINIT TF @ mRNA B EH 2R 53R T TM @ mRNA FHLEZ I 7E
L 7= (Figure 35). Medium IgG (-) OMTTHD TM @ mRNA ¥HE%L 10 L Lzt &0
s AMAEOREEL 19G, LA BFEIMIFEORR 196G #IFD TM @ mRNA I T 1.2,
0.7 THY, LAIgG T TM ® mRNA [Z&fE %R L7=.

15
l El

E 12
3 (
210
£ 1.0 1
Wl
] I
% 0.7
>
Z 05
=
=
[

0.0

Medium IgG (-) Normal IgG LA IgG

Figure 35. TM mRNA expression level in second hit condition
TM mRNA expression levels were investigated in HUVEC cultured with normal 1gG or LA IgG,
in addition to Medium 1gG (-) as reference. The TM mRNA level of Medium IgG (-) was established
as standard, and those of normal 1gG and LA IgG were calculated as relative values. That of LA 1gG
was lower than that of Medium IgG (-) and normal 1gG. Each sample was assayed in triplicate (n=3).

The bars indicate SD. *Statistically significant (p < 0.05).
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(7) HUVEC ~ aPL & LPS ifINZ L% SDC4 DOFRsBLEZAL

LA 1gG #INIT TF @ mRNA JEHL EH 2588 2 5532 T SDC4 @ mRNA JEH & % ]
i L7z (Figure 36). Medium IgG (-) D5 T To SDC4 @ mRNA #8ifE4 1.0 & L&
E OEF NMEORRL 196G, LA BE MEORR 196 #hikid SDC4 @ mRNA [T Z
1.0, 1.1 THY, LAIGG FMC L% SDCA » mRNA ZE{LIZid biied-Tz,

1.5
NS i NS
B |
= T
210 [ E 1.1
_5 1.0
2
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& 05
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75}
0.0 1
Medium IgG (-) Normal IgG LA IgG

Figure 36. SDC4 mRNA expression level in second hit condition
SDC4 mRNA expression levels were investigated in HUVEC cultured with normal 1gG or LA
IgG, in addition to Medium (-) IgG as reference. The SDC4 mRNA level of Medium (-) 1gG was
established as standard, and those of normal IgG and LA IgG were calculated as relative values. That
of LA 1gG was the same level as that of Medium (-) IgG and normal IgG. Each sample was assayed

in triplicate (n=3). The bars indicate SD. NS, not significant.
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(8) HUVEC ~D¥5H 19G AN £ e it

HUVEC (ZF58 19G, LPS, p2-glycoprotein | Z ¥ L T 37°C 5% CO, A v F a_X—H
— T 4 W& 24 WG L, TF, TM, SDC4 ® mRNA B EOREEL 2 HE LT
(Figure 37). Medium 1gG (-) T 4 KEIEZEOSEME T TOX mRNA RBL&EE 1.0 L Lz &
0, EEANMBEOKER 196G, LA BE MO 19G AR DA mRNA FEEL&E AR
L7=. Medium 1gG (-), fw AMAEORERL 196G, LA BEMAEORER 196 12k 25 TF ©
mRNA JEBiIEIT 4 RERIESE T, 24 1.00, 1.20, 2.15, 24 KefE5EE Cldz i 0.05,
0.06, 008 THYV, 4 ke L 24 BFH THEEDHED b, KHE & IR 2608
Wbz, TM @ mRNA FEHL&IT 4 KR T, ££h 1.00, 0.72, 043, 24 I
W TIEZENZEN 045,044,040 THV,4 FFE & 24 B O HE/CIH VT Medium IgG
(), B ANMIEORERL 196 TITAEICHED L, LA BFMBEOREE 196 TITAEZAITRD
ST, IZIEEEORRENG L=, SDC4 O mRNA RILEIL 4 FEfE#E T, Th
Z¥ 1.00, 0.89, 1.53, 24 KEfEH5#& Tl <4 1.00, 1.15, 0.92 TH Y, 4 KFE L 24
MO TlE Medium 19G () IXTAEZED’RD LT, M AMEORHR 196 TIXFEIC
EHL, LA BEMEORR 196 Tl mRNA BNAEICHD T 55BN E SN,

a) TF mRNA expression level
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b) TM mRNA expression level
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Figure 37. Time course for the mRNA expression level of TF, TM and SDC4
HUVEC were cultured with normal 1gG, LA 1gG, or Medium 1gG (-) as reference for 4 or 24
hours. Each mRNA level of Medium IgG (-) for 4hours incubation was established as standard, and
the other mRNA levels were calculated as relative values. Each sample was assayed in triplicate

(n=3). The bars indicate SD. *Statistically significant (p < 0.05). NS, not significant.
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(9) HUVEC ~® cAMP #IC L5 TF OFRBLEDZEAL

HUVEC (ZF58L 1gG, LPS, p2-glycoprotein | (2%, cAMP Z#&JBEE78 0, 0.1, 1.0, 5.0
mM £725 X9 ICEHIIZIRIN L, 37°C 5% CO, A > F aX—X —T 4 KL 24 FEfRGE
L, TF ® mRNA ZEHEORFZE L% ik L7z (Figure 38). Medium 1gG (-) T 4 R[5
EOFMFTFTOTEF ® mRNA #Hl&% 10 L L& Zd, 0, 0.1, 1.0, 5.0 MM cAMP @
MRNA ¥HE%FH L7-. Medium IgG (-) T? TF @ mRNA ZEHET 4 FpE#E I3
ZH 1.00, 0.70, 0.64, 0.68, 24 K% ClZn <4 0.05 0.04, 0.06, 0.24 THV,
4 FEIEGRICHIT D cAMPOMM & 0.1,1.0,5.0mM & ORICHEENRD bz, £z,
4 W L& 24 BERIEER OB CIEIWT LD cAMP RETHAEIZ mRNA 238003 2 [
DR BTz, AMEORRL 196 To TF @ mRNA REE &L 4 FEEETIITh
Z¥ 120, 1.03, 0.80, 0.66, 24 W[5 TlXFn<4h 0.06, 0.05 007, 024 THY, 4
REMES R ICEB1T D cAMPOMM & 1.0, 5.0 mM IZHBEZENED D, 4 Bl & 24 FEEES
FEOLTIINT IO cAMP JRETHAEIZ mRNA BT 2B Hiv7-. LA
BEMAEDORHRL 1gG TO TF @ mRNA FEBLEIT 4 FFE# ClXEn £ 215, 1.51,
0.81, 0.61, 24 HffkE#E TIZTNZ4 0.08, 0.05, 006, 026 THY, 4 KEfEEEEICHT
%5 cAMPOmMM & 0.1, 1.0, 5.0 mM IZHEZENZDO L, 4 KFH L 24 FRHEEO KT
FVFHO cAMP RIETHA RIS mRNA 254 5 23580 bl

a) Medium IgG (-)
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b) Normal 1gG
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Figure 38. The relationship between TF mRNA expression level and cAMP concentration

cAMP BE (mM)

04 hours

024 hours

04 huors

024 hours

HUVEC were cultured with normal IgG, LA IgG, or Medium IgG (-) as reference for 4 or 24

hours with 0, 0.1, 1.0 or 5.0 mM cAMP. mRNA level of Medium IgG (-) for 4hours incubation was

established as standard, and the other mRNA levels were calculated as relative values. Each sample

was assayed in triplicate (n=3). The bars indicate SD. *Statistically significant (p < 0.05). NS, not

significant.
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(10) HUVEC ~® cAMP ifINZ &2 TM OFBLEOZAL

TF @ mRNA RHEZ IEE L7-5MT, TM ©® mRNA #IL&E L cAMP EEORFRE
BRI HEEE L7=  (Figure 39). Medium 19G (-) T 4 B§EEERDOSKETTO TM @ mRNA
W EAE 10 & L& &D,cAMPO0,0.1,1.0,5.0 MM @ mRNA ZHl &% HH L7-. Medium
IgG () T» TM @ mRNA R BiLET 4 MefiEE% TI3Eh+h 1.00, 0.85, 0.98, 1.61, 24
i3 Tl E 2 045, 043, 0.34, 051 TH Y, 4 BfE3ED cAMP5.0mM D4/
X 0mM L9H mRNA BEENGRICEMA R L. £z, 4 K& 24 R E O
BTITWT AL cAMP JREETH mRNA RBELEICHEAENRD b7z, cAMP ORI K
D, Maruyama 5 @ OFERIZHEST TM @ mRNA FBEN AT 258D S,
fds AMAEORERL 1IgG Td TM @ mRNA ZJEHLEIT 4 BfE#E TIZEnEh 0.72, 0.63,
0.75, 1.12, 24 B§fEIEF# TlIE N2 044, 0.32, 0.31, 053 TH Y, 4 KifijE2E TIL cAMP
50mM D&M 0mM K0 H mRNA A EICEIEZ R LZ. £72, 4 KL 24 Befiks
FEOHETIIOTHO cAMP EETH mRNA RELEICHEENRO LN, LA A&
EORER 196G T TM @ mRNA RFLEIT 4 FERIES# TIL, 0.43, 0.44, 0.42, 0.74, 24 K
FE: 2% Tl 040, 030, 0.24, 041 TH VY, 4 FEEIEE#E D cAMP5.0 mM D541
O0mM LY % mRNA BBELEDNAGREICEMAZ R LTZ. £z, 4 R & 24 FFEREEEZ TlEw
T cAMP JREETH mRNA RBELEICHEENRBD bV, £7-, 4 KEEEE TIX
Medium IgG (-), Normal 1gG & iz LT, 9°_TD cAMP #EE T mRNA OfEIMESN % 77~
L.

a) Medium IgG (-)
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b) Normal 1gG
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Figure 39. The relationship between TM mRNA expression level and cAMP concentration

cAMP concentration (mM)

O4 hours
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O4 huors
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HUVEC were cultured with normal IgG, LA IgG, or Medium IgG (-) as reference for 4 or 24

hours with 0, 0.1, 1.0 or 5.0 mM cAMP. mRNA level of Medium IgG (-) for 4hours incubation was

established as standard, and the other mRNA levels were calculated as relative values. Each sample

was assayed in triplicate (n=3). The bars indicate SD. *Statistically significant (p < 0.05). NS, not

significant.
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(11) HUVEC ~® cAMP iRINZ k% SDC4 D Bl&DZAL

TF, TM ® mRNA JBLE % il L7504, SDC4 ® mRNA FBiE L cAMP JRED
REGR & R i L 7= (Figure 40) . Medium 1gG (-) T 4 B§EsR DS T T SDC4A D
mMRNA FH &% 1.0 & L7=& &0, cAMPO, 0.1, 1.0, 5.0mM ® mRNA FEHEAZFH L
7=. Medium 1gG (-) T® SDC4 @ mRNA JHLHEIT 4 % Tz < 1.00, 0.99,
0.87, 1.01, 24 EffIREE CTIIZN L 1.00, 1.07, 1.12, 1.19 TH Y, cAMP EEIC LD

HEETRRO LT, cAMP 1.0, 50 mM TO A 4 KL 24 FFEEE#E OB THEZENR
D HNTE. @R NLEORR 196 T SDC4 » mRNA FEILE|T 4 FjE#E Cixth?
+u 0.89, 0.80, 0.87, 0.81, 24 Kiffk5# ClXZh L 1.15, 1.07, 1.16, 1.28 TH Y, Medium
19G () LRI LT cAMP IREEICE DA EEITFRO LT, 4 Kl & 24 KR OB T~
TO cAMP BETHEXENRD bz, LA BEMIEORR 196 Td SDC4 @ mRNA
REIRIE 4 BRI T3 153, 1.47, 1.04, 0.94, 24 WifEsE CI3ThTh 092, 081,
0.75, 0.89 THV, 4 WFE5#%E CTIX cAMP 1.0, 5.0mM T 0mM & LEls LC mRNA #3581
BENAEICKEEZ R Lz, £72, 4 B E 24 BFEIESR O TIX cAMPO, 0.1, 1.0mM T
MRNA FEHLEIZAE R ENRD b7,
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b) Normal IgG
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Figure 40. The relationship between SDC4 mRNA expression level and cAMP concentration
HUVEC were cultured with normal 1gG, LA 1gG, or Medium 1gG (-) as reference for 4 or 24
hours with 0, 0.1, 1.0 or 5.0 mM cAMP. mRNA level of Medium IgG (-) for 4hours incubation was
established as standard, and the other mRNA levels were calculated as relative values. Each sample
was assayed in triplicate (n=3). The bars indicate SD. *Statistically significant (p < 0.05). NS, not

significant.
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4) B

ARETIE, aPL MBI G 2 D RICOWCIER L, & WNEMIIC 3BT 2
EEE BEE & o 87 D mRNA FEBLEZJI7E L, aPL {F7E F CIAREN &2 7R3 2 it Lz,
£7°, APS BFEMAE L xR CTH 2 HE ANM4EH 5 Hitrap protein G HP Column (2L Y 1gG
21T o7, KD 0.D.280 OENGT 774 Li-mEY > 7y 196G Lisbo s
D3I L 19G DRI /TEECE TV D Z & A Hed L7 (Figure 30). 19G & H 53 i % [A]
I, BT, Z /0 B A L C SDS-PAGE THlEEZ e L7- (Figure 31). APS H
F M HE L AT & HICIERITIREE T 100 kDa LA ET7 v — R \v RS b7,
ECIREETIX 100 kDa LA EdD 7 m— R7a 3> RIZiE& L, 25 kDa & 50 kDa OALE I
light chain & heavy chain Oy i & —ET 530 RBBH T, Loy RIZERD S
MoT=Z M5 196 MEMEICHRIN TS Z 2R L. i 196 FiziZBEm L
T2% aPL UM bk~ 72 19G DNEF SN TV DT, aPL DG E GRS 5 721,
B2-glycoprotein | & [MEMIEOE GRS T 2 HUAD G2 ELISA THES L7z (Figure
32). LA IgG ¥4 v A ZEDK 10 5® Unit HT& 5 1089 Unit %7~ L,
B2-glycoprotein | & REVERIEOEAEICKTT 2HEN L AFEL TND Z L3R I,
—7J5, Normal IgG 1% -5.3Unit Z <L, P2-glycoprotein | & [aMhfiEOEAIRIZN T 5 Hiik
DIFERET, LA I1gG OxtfRE L THWTHEZR W 1g6 ThDH Z L AR L7z, aPL O—
STHHHL p2-glycoprotein | HFUARDSENED ELISA TRRO HNZ7-8, 196G W28 £
NHMD aPL bIEMEEZ AT 2 &BF 2 7. AREITIE, aPL Z—FEICREE T I B M
BERIAFAET D EHFER O aPL & aPL LSO 196G Ok A AV TREE AED 196G %
PEEGHRR & L CHiR 21T o 72,

KIZ, HUVEC (Z aPL & LPS #¥RM LT TF ® mRNA EHEZHEL, EH 2 Rt
v NEEEROREEZ 1T - 72 (Figure 34) . aPL & 1r LAIGG Z i L7 HUVEC <TiX, TF @
MRNA FBi&E72S Medium IgG (-) &tz L TR 2.5 fi%, Normal 19G & bble L THY 2 fi5i2 &
HLTkY, Ostertag > 2 &Rl —DOEBZRIFERPELN 2 L 2R L THE LD
FEERFA AW L7z, 723, Normal IgG T TF @ mRNA REEA Medium IgG () & kg L
THY 1.3 272 o B iHIE, 196 AHIIIZIERFRNICH A L Tl A 52 -7 LB 2 5
M-, ABFFETIE, PTEME= > hr—/Lk LT 18srRNA & GAPDH % ik LT SD D%
W 185 rRNA A H:H L7z, GAPDH X RIZIN 2 T DNA (EECER, & 61213/ aii
FICHEGT LY VRV ETh D, ARFEBRD HUVEC DOREFESM, Hih oy
'B72 8N GAPDH T ARISRICOT RN OEL X 52 LT, % well THRIL
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ENRRST-AREENRE X BND. 2, L LI-EBRT TM & SDC4 @ mRNA FHL
B Z2ME L7~ (Figure 35, 36). TM Ti¥, Normal IgG & LAIgG TZhFh 1.2, 0.7 %
R L, LAIGG X Normal IgG ®D#J 50 % DRELEIT/R->TWD Z LA/RS LTz, L7z, SDCA
TIE, Normal IgG & LAIgG TEN<E4 1.0, 1.1 Z/rL7z. LLEOFEERENS APS Oifife
A T = A LD—>2E LT, LAIYG %4 L CHIRRIZ 5 2 BT > 7 R EEIC &
DRI O mRNA BB EL 5.2, BEEIGEIRFTHD TM DX L _7 B L)L TH
Bl AN & CMARIEAFAE T 2 "TRE LD R S 7.

B2, aPL ORFE AR —@ M2 3 5 72912, HUVEC ~HEHE 196G Z3in L
T 4 Wil L 24 BERE:2E CHEMR L7- (Figure 37). TF T, 4 FEfR5# T Medium IgG
(-), Normal IgG, LAIgG DOHIIT mRNA FELEA 1.00, 1.20, 2.15 |2 EH 3223, 24 FF
[E523% T, 0.05, 0.06, 0.08 IZIETF L7, ZOREENSHKIZ - THY, TF ORHA
RIS Z X O TR X VIS 172 EOWERYRII T & —RiAYIZ mRNA FEi&E
N EFAT D2 EBMESN TS, * RERR CTEERINART VIS OARITRO, I’
ks Cdh 5 LPS, B2-glycoprotein | 12/ % T Z 4 6 ORIy & WRINT 5 BRI B I Ji A
TV IRIS IR AE U T, 2Rl & 72 v HUVEC ZHIl LT TF @ mRNA 23%8
BER ULIZAREENE X DD, Lo, 4 Rl CIXIRINIEICAE U 2 M ERofiligic X v %
BLER L7e2d, 24 WefiER{E % CIIMBRR g s By RN R < e 7o 7 OB L,
—IEPEDORBL EHIZ o7 EBE X BND. £, TM TiE 4 KEEREEE T Medium 19G (-),
Normal IgG, LAIgG DIRANIT mRNA #Bi&2% 1.00 , 0.72, 043 THV, 24 KL% T
I% 0.45, 0.44, 040 THh-o7=. LAIGG RIMIZ LD TM @ mRNA FEHEOIK T 4 K
B TR LAV, 24 BEEIES SR TR0 T, 4 BE & 24 BEREIESEC Medium 19G
() ZIRMUTZSRMECTHHEBELEN 45% ([T L. TM @ mRNA FELETREWE G
UC, HiEG 24 REEREEACRIZ(L RO D5 & RS @k T 24 FEEZICIR
IETOFBREL 2D 5A08H 5. % 4 WrEREE TRERD L, 24 BRERZE TEMMAR
oL roTolod, REBARTIE aPL 1T—i@BMEIC TM @ mRNA RBIL&ICEEL 52
% EEz2 Hilz. SDC4 Tl 4 W57 ® Medium 1gG (-), Normal IgG, LAIgG DOUIIT
mRNA Bi&E2% 1.00 , 0.89, 1.53 TH Y, 24 W& ¢l 1.00, 1.15, 092 Th-o7-.
4 BRI L 24 BERIES2E T Medium 19G (-) 23N L7244 mRNA BEHEN[FES L~V T
HY, SDC4 (X TF ° TM O L I IZHEMN > 7 F v & 72> T mRNA FBEENELT 5 Z
ENIRL, VT FIMRERNDEIR D EEZ DT, 4 BRI TIE LA IgG RINC X v &
EHMHIA - TdH2DH SDC4 @ mRNA FHLEIT EH L, KHUCK L Chufmkef#m 2R L.
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LML, 7B L~V T, 3R L@Y B2-glycoprotein | &7 PED aPL A3
SDC4 & B2-glycoprotein | O#EARICHEE T2 Z & C, SDC4 DHUEEREEHDE A A
EVHESND Z ERMESH TS (Figure 25). °" AFEBREETIZ LA IgG DIRINT
SDC4 @ mRNA RBIEDK FIFFR0 b Rn-o7-72, SDCA 1T mRNA Tid7e < BEHum
DZNTELLT aPL OEZZIT T, IREmEZRTEEX L.

HUVEC % & &I NI 2 3 Mgl c it U, RN TIET 0 IS OAM B0
. PO ISINTEERE - PUREER IS b EBAE 525 2 LAVRENTE Y, HUVEC 1370 Ik
HOATFEREET TIZ TM @ mRNA &3 3 BICRBLERT 5 Z LvRanTns.
AFBRTIE, Maruyama 5 @ OHFEICHE, dibutyryl cAMP % HUVEC (CHSINT % = &
T TM @ mRNA Z38l EH ST aPL 23% mRNA HBL&IZH 2 5B LMLz

(Figure 38-40). Maruyama & @ % cAMP %Z 3mM #RIML T TM OFHEL 2 ~ 3 [
IZ ERSET20, RFEFRTEH cAMP REZ 0, 0.1, 1.0, 5.0mM & L THRETZ1T o 7fE
HF, 5.0mMMcAMP Tid O0mM EIEE LT TM ORBLED 1.6 f5ICAEIC LA L CEm
B L. Maruyama 5 @ OfE LD H mRNA FEENRS 508, Z UGS D&
W EOREBENE 2 b, 4 RRIEEEOSMIZE TS TF @ mRNA #8i&E1E, LAIgG
ZWM L7252 TlE cAMPO0.1, 1.0, 5.0mM T 0mM & ki LT mRNA BELEOAE 2K
TARD LN, F72 cAMP JEEN 1.0 & 5.0 mM OFMETIE Meidum IgG (-), Normal
IgG LRI LV ORBETH 7. T FET LA IgG [ TMENEMRZIKT 52 & T
TF ® mRNA ¥#E4 ERH S8 T, MREEIC2RD TREENEHRShThz. 2 L
L, AEERNCIERENEBIIIFEICT IR DR300, ZOMEERE D T 7 = Vi
VI T—BEN LIV T FIBREIZL D cAMP BEE & 72 % 2 & CERE R 1 23 ilAE S
HAREMEMNE Z HND. ASRIOFERT, cAMP &l TlX LA IgG 2 L7Z%TH TF @
mMRNA FHL & Medium 1gG (-), Normal IgG LR L L Tho7zZ &b, AENT
CAMP 23 EIRESIE T TliE LA 1gG OflFlE TF @ mRNA FEL&O EFIZIZBE 587,
MARTE AL DB 22 RN 7 H 72 W AREMENRE 2 DTz, iz, HERH Ok T, 24 W
MIREE TIX 4 B & el LT T cAMP 2% T mRNA BHENAEICEKETH -
o EnD, 4 BERIESEE TIE LPS, B2-glycoprotein I, {SINEFOMERAIHIE /2 Sl2 kv TF A3
—iBPEIC ER LTS EEZ B, LAIRG BERNT TF Z2EFICEE LS SET0D
FREMEITIR WV & b, Z 0fE8RIT LPS ofili CiHE SN/~ TFmMRNA @ turn-over 1%
FEFITRL PP TR T 2BEHOMBR L —HT 5. °% 7Znp, 24 BiERICE
75 cAMP5.0mM DT 0, 0,1, 1.0mM DML B L T TF @ mRNA FEHEN
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¥4 ERECHoT. ZOFE L LT, cAMP5.0 MM O &EJRE Tl ko> TFmRNA @
turn-over MOF#EN 0, 0.1, 1.0 mM DA L IR L TR > T A A[REMENREZ X DD,
TM @ 50 mM cAMP T LA IgG Z¥sIN L7232 TlX, mRNA RELE2Y Medium IgG (),
Normal IgG X v HAKfEZ /R L, K2 Normal IgG & DEZTIX I 40% OIKFRRD LI
7e. ERHNTIE LA IgG ORIEIC K0 BEEAIHIK T TH D TM O mRNA FEHENME T
52 LT, MARTEARE I id 35 Z ENTET, MAREEZRIET D EE 2 b7z, SDC4
TIL 0 & 0.1mMCcAMP T LAIGG ZUSINL722TlE, mRNA FELES Medium IgG (-),
Normal IgG & kit L CH) 1.5 I EH- LT\ 5723, 5.0 mM cAMP Tix Medium 1gG (-),
Normal IgG & RIZE L~V TH Y, AKRANTIE LAIGG Ofili%iT SDC4 @ mRNA FEHIH(Z
BELTWaenweEEx b, £/, kikoi@b SDC4 ITHilEEERN # v X7 E L~ r
THFE SRS Z & Tl m 2737295, MRNA LU TOREITZ T 20 Al REME2 E
LEZLNE. D

ARETHOLNTEHENSEZDND aPL DKW TO MR EEF % ~3 (Figure
41-43). fEFANTIE, Mk Sl TF 2 MU —& LB SRS T he e
YHRERL, T4 7V =R T 47 ) ACEBR S TR AL S AR I AR 23
te. FAEFFEC, WEIZRMAEDECRNEIIC TM B e ErOEEETS. o
F U, @FANTITEERER - THD TF LEEMEIRF-THDL TM ORBED AT 2
DHEAILTWDIREEIZH D (Figure 41). APS BENIMARIELE BIET HA D =ALE LT,
Ostertag & 2 %, aPL M EGIIC/E T2 2 & T, TF @ mRNA 33 EF 20 L
TH N BORBEN LR+ 252 & TRERISD/NT o AL THEEIO b oo e in
AL, ZO R EURNIREIOT 4TV U EERT DI ETMRELZSI X TEE X
TuW/= (Figure 42). L7>L72735, Ostertag H 2 1T 0 IS 2SI 5 2 % 8% Z &
LTELT, AENEZXBELTWRNWEE X ORD. ABFETIE, TVIEHICEY TM O
MRNA B EH 20 L TH NI HEORBEN LA T 5 aELBE L, cAMP 12XV
mMRNA B EZL LA W72, ZORER, aPL ZWINL72% TiX, TF @ mRNA FEBL &I
RIFRD ST, — 5 TEREIHIN - THD TM O mRNA EHEOK TR0 Hhi.
o T, APS BENMMIEAZ FIET H AN =L L LT TM @ mRNA EBIE T2 N L7
ALV ORBUKTICK VRO he BN AR L, BEoO 7 o 7 U ik
JE% 5| &k Z 9 L ATREMES RIB X7z (Figure 43).

AIFGEDORRFUZHDONTLUTIC R T, R A 4 R & 24 BRTITV, v 7 up—
WPEDEAER) A Rt L7, TF © mRNA FEELET 4 R &bl LT 24 FFEICIE 5% *
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TETFLTRBY, —itEEEZ 57, aPL ZIRNML T mRNA BHEEZHIE LI-HE0%
ITEEERHZ 4 FFFRCRETL TR, A0S BERRICIE VSRR 2 4 Refd] & LT
FPL72. 4 FF XD BEWVEFH, F721% 6 R SICT 5 2 & TR VR BEElOLE {bx
R TX D AREMENR S 5. 72720, EERNTIEHEIC aPL 2MEER L TWA 728 in vivo Tl
RPLZIE U CTRERERIIZ TF BNZ VX7 B L~V TRELEH L TS AEELEZE 2 Hh, &
BRI RANEET D LS. 512, TM 1TV I5E/T mRNA OFHN EHI5 2
EDRRE SN TS, ERROME L, T 0IENENT TRFEIT D 2 &3 THRET
bolzlod, KWFETIE MRNA Z3BlL LA S 572912 cAMP Z /-, Maruyama &
2 DFHIEICHESE CAMP % 0, 0.1, 1.0, 5.0 MM OEFEICHEE L THEINT 5 2 LT,
PFOIRHZAR LT-BE LFEEEIC TM @ mRNA ¥H42 FHSEH L08R TE, &6
aPL 12k 5 TM ol n@RD 5. LnL, AERNTO TM O 5L X R
2o THELT, CAMP LSO 7 F Ly TM ORBINHET S TV D AEEERH 5.
F72, RFEBRIZEITS cAMP0.1, 1.0, 5.0mM ® TM RHEIL 4 FFE & 24 B EO
HETHEIS mRNA 230 Lz, Bilkoi@ b, AR TIEFIC aPL 2MEERL TW 5729
in vivo TIZRPLITIE U THERERIIS TM OB AR ERAFE RO mRNA @ L 95 I2RED L
WHTREME S B2 b, HIZ, TV IS DA HIND - T2BRO M8 N EGHIEN O cAMP O
RS FIIEHMEIC 2> T, F0IRT), 7 FURE, TM OFEHIENICE LT
XELELERARENE L, SBOBANIIFRF S D AL TIE, TF, TM, SDC4 @ mRNA
FEBLE D) S MARE 2 R T Z2/E L7z, mRNA RBEL L ~L & X o oX 7 B o3R8 &
LU L —E L7223, TF, TM, SDC4 Tix mRNA FEELL ~ULs & 2R 7 %
B~ ULRTEMEICIR T 5 Z LRI STV 5, 1 B 20 AEOBETIE mRNA @
BRI DR ELT, # 2 X7 L)L TORFHIER L T2 A%, TF, TM, SDC4 @ mRNA
FBLLAUIH R BB L AL EEE R T S EEICH Y, mRNA EBLL L%
BB 2 N BRI LNV E2EBLZ L THLERNEEZEZOND.
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Figure 41. Coagulation reaction in healthy person
When bleeding happens, TF accelerates coagulation reaction and generates thrombin through
coagulation cascade. Thrombin activated by TF converts fibrinogen into fibrin. Finally, fibrin makes
the clot and stops the bleeding. On the other hand, TM inhibits thrombin generation, and surpresses
coagulation cascade. In normal person, TF and TM regulate the coagulation cascade, and they are
balanced. The detail mechanism in coagulation cascade of TF and TM was shown in figure 3 and 4,

respectuvely.
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Figure 42. Thrombosis mechanism of APS patient (Current Model)

The current thrombosis mechanism model in antiphospholipid syndrome patients suggests that
aPL induces significant increase in TF mRNA expression. Once TF accelerates coagulation reaction,
thrombin is generated excessively. As a result, the excess fibrin generated by thrombin is related to
thrombosis. Though TM inhibits thrombin generation, TM is not enough to surpress the coagulation

reaction.
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Figure 43. Thrombosis mechanism of APS patient in this study (New Model)
The new model suggests that aPL decreases TM mRNA expression significantly, and thrombin is

generated excessively. As a result, the excess fibrin generated by thrombin is related to thrombosis.
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APS DOEGHIERIZEEE T2 BR T 5 MAREIC LD 5T, REFTRO—2THS LA
(T APTT OEEFERFEIEE CTH 5 HIZEKR L, APS TIX invivo OJETH 5 BEHSER &
invitro ORIGTd 5 EEIRIRAE CHK T 2 8EE RIS E Z 4. invitro TI3EEE N2 57
5 U UHRES APTT RIEFICRON D720, LA TG LS BEE R T & Y U IRE OH
BIRICHEET 5 2 & TY UIREIRAATEDOBEE FOS 2 THE U CREBIRFA 2 Bk S 5. APTT
AT DY EERENMURE CTHSITE LA DNEFE O ZAE L, SEFEREE O ER 2358
HHAD. in vivo TIEILE N BRI MR O MR &% < 0 U CIREDMFAE L TR
DEEFESEP I E, LA IC L DIEE 52T TS < OREE G TUHET D 728, EERE SRS
fHEEN D Z & CHIMZ 2925 2 & 1720, LA [XE NI oMalEIC B2-glycoprotein
| 7 EDZ NI EZ UTHE L, LA ORGSR & 72 - TIENEIaNIZ > 7 v
PMEEE S AU, BEEBLER T mRNA JFEBLESEEE T 2 b U CIiAIE 2 RIET 5. 21k
T %5 MRNA O—2L LT TM OFRBLUEDRH Y, ZHIThzx TEYYE/: S12 X5 LPS
JERE FE CAMP JEEE RN B A AT IRIE S SR CRIET L E2 b5,

fliam e LT, AETIZ APS BENMMIELRIET D A =X LA L THIZZ2MA%
R U7 in vivo T aPL MIENEGIIC G 2 2820835 2 L1E, APS BEDIR
WAERRETT 2 L THOCTEETH Y, RFFERERE b L ITHT 2RI IES SR 5N E
RIh, BF QOL O LIcKRELFHETHEHFFINS.
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o

i

AWFZETIE, B 1 =ETHY VIBEREOEETAD 1 DL LTEXLNTVD LA D
AV —=2 7 THMZ APTT SEDOSM L /e~ M4 ZEIZOWTREIL, 56 2 &

TH Y UIREHURIZ L - THl & Z &2 AT F OfF & LT, & N EMIEIZ 38
B 2 BEEBIEA 70 mRNA EEEOZ(LZHIEL, UUTFOMR AR,

[

=~

Para i T - =S

w1l

1) LA 27 V== 27 M7e APTT ERomE 21T o7, U VIREEZR—&EL Lz
B, =T TR EIEME LA & T 58T, U D AEME LA L TSR L ik LT LA ~D
FOGHEDREWRERAE B, LA 2T 53K e L THa R 2/ L TnD 2 L2
bk Zpofz. APTT RIED LA (T D OGN, TEMHEEANRAFETIC Y CIEERE
KT T 5 LB 2 bk,

2) APTT 125 % LA BREFEE LTRSS ICA OBy MA 7 EORF 24T ->7-. LA
BEVERARED 95 N—t L XA ND EIRfEEZ S v AT E UTEM LIERER, 3T
ORIETCHMOT y bATENPLHEHLEEEL Y bEWERSE LN, £, FFREX
98 ~ 100% DOFHNTH Y, AHMELREWEEZ BN,

3) APTT JERZ/RT U7 7 U URRERE, ~/3U URIREE, MACHRIKEET ICA ZHH
L, @ A, LA BPERREE L Hl L7-. ICA 13 LA BBMERIREE 2 (% AR IRRE, U
VT 7 ) URRIRRE, MACRRIAEE S EERIRTRETH Y, LA OBBHICER B2 b, 7272
L, ~ 8 AR RTE TR S S IR IS B W C IR 2 BRI AR T H ~ 7. $£7-, ROC fi#
Wb EH Lz 4 330 n v b A 7 EOK#EEIL 104 ~ 13.6 O TH 7272, 10
~ 14 OFHTRELBON v NATEERET D ENAHEEZ LN,
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Yol s Y=~

B2 FE

1) APS BENDIMARIEZ FIET D A=A L E LT, 5K, aPL 23 ME NI ER 2
LT, TF ® mRNA B EFREZNM L TH U 7B L~V TR ER L CGREIO he e
YHERL, WEOT 47 ) URMBRIEEZGIEEITEEL LN TE . LrL, EEN
OFVIES % cAMP THHEL L7244 T Tk, TF @ mRNA B3 EF IR0 S, Mk
TEHIZ R E < BE- L TWRWATREMERE 2 S 7-.

2) EERNOT VST % cAMP THBLL7ZS4ME T TIE, LAIGG ORITKIT L 0 ERlE 0 K+
ThHs b TM ® mRNA BEUL FEZ N L TH U RV E LV TREMETT A2 LT, mMEE
&+l 5 2 EMTET, MAREEZRIET D A=A LNEZ L.

3) AW TIE, LA 1IgG O #ili%iL SDC4 » mRNA REILE|IZ KX R BT 2T,

B2-glycoprotein | {K{FIED aPL 235G LC, HuEEIEMARZ 7B L~ L THESND
ZEBBEZ LR
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AWFIEICER LT, ZBE) 7 DS, MHIREA 50 £ Lot R R S T
MBI HAREEIRIC O L 0 B EHE L £,

WFIEAMIZIE O RSB OMFE I, fHiRE 2 THE, £z, BEUG &Y VAR HURERRE
D FERER NG © BRRFY G £ TR < HIZERTEE £ LI AbmEER KRS WA AR
FEEE FTIEREBRICOLE DVEEHB LET, £, ERCHY, BKr oM s
EIEA Y £ LodbmEERERY Wi NRPEEE SR EEER, ALiEEER
Kb AR RN EA, SHEFLECLIVERBRLET. b7
VAZBUTCHBREB S #THE £ LCALEEER KT e AbEiE )ik
AN, ALMREERRT: A ERIRER SR R E B, AmEERRY W
W 27007V AT Ty MlREE AT, SRIE BRI
LET.

AFEOME L2 G52 THEE LEVA A v 7 AASH: BE 7oy 7 b =7
YA MEEEITRE, REREZME, ®AHAGRE, RBERRE, JEBEGE BT
FAZ = < HALE L B ET.

RBIZ, BT A ANy v a vk SETHEOZARREE S A, KAE WX EL2THE
FLIEHEEILTSA, AHRESA, T U CIIBEERKY W NREE, BX
W, VA A Y 7 ARASHOERITEHE L £
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